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ABSTRACT
A novel ion selective electrode is fabricated for naltrexone HCl and used in pharmaceutical analysis and drug determination in
biological fluids without complicated pretreatments and extractions, using direct potentiometry. The naltrexone complex with sodium
tetraphenyl borate (NaTPB) is obtained by in situ soaking PVC membrane electrode in an 1 × 10 -3 M naltrexone solution. The sensor
exhibited fast, reproducible and linear sub-Nernstian response over concentration range of 1 × 10 -5 - 1 × 10 -3 M with a detection limit of
5 × 10 -6 M. The membrane sensor was successfully applied to the determination of naltrexone in capsules as well as for its determination
in urine and plasma samples.
Key words: Naltrexone HCl, ion selective electrode, direct potentiometry, pharmaceutical analysis, biological fluids

INTRODUCTION
Naltrexone, 17-(cyclopropylmethyl)-4,5α-epoxy-3,14dihydroxymorphinan-6-one (Figure 1), first synthesized
in 1965, is a potent mu opioid antagonist which reversibly
blocks opioid receptors and has been approved by FDA
for treating both alcohol and opioid dependence(1). The
blockade of opioid receptors is the basis behind its action
in the management of opioid dependence. The mechanism
of action in alcohol dependence is not fully understood, but
as an opioid-receptor antagonist, it is likely to be due to the
modulation of the dopaminergic mesolimbic which ethanol is
believed to activate(2).
Naltrexone has been determined using a variety of quantitative analytical methods, including thin layer chromatography (TLC)(3), gas chromatography (GC)(4,5) with electron
capture detector(6-9), tandem mass spectrometry(10) and mass
spectrometry(11-14), high-pressure liquid chromatography
* Author for correspondence. Tel: +98-21-6482607;
Fax: +98-21-6461178; E-mail: alimohammadi@tums.ac.ir

(HPLC) with UV, electrochemical detection(15-20), mass
spectrometry(21) and tandem mass spectrometry(22,23),
chemiluminescence(24), flow injection analysis with amperometric detection(25), spectrofluorimety(26), voltammetry on
carbon paste electrode(27), and electrochemical determination on the surface of glassy carbon electrode modified with
nafion-doped carbon nanoparticles(28). A nano-molar detection method based on fast fourier transforms continuous
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Figure 1. Chemical structure of naltrexone.
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cyclic voltammetry using gold ultra-microelectrode in a
flow-injection system has been previously reported for the
determination of naltrexone in pharmaceutical preparations(29). Despite providing excellent sensitivity, these
methods typically require extensive sample cleanup steps
and derivatization prior to analysis, as well as the use of
sophisticated and expensive instruments.
New requirements for the development of adequate
analytical methods in the area of pharmaceutical analysis
led many researchers to design and apply new potentiometric
sensors involving ion-selective electrodes (ISEs). In many
instances, even both the British and United States Pharmacopeias suggest assay methods requiring pretreatment and
time-consuming manipulation steps, expensive equipment
and special training. The development and application of
potentiometric sensors based on ISEs have been investigated
and continue to be of interest in the areas of chemical, pharmaceutical and biomedical analysis, because they offer the
advantages of ease of preparation and procedures, simple
instrumentation, design and handling, accuracy, low cost,
wide concentration range, the possibility of direct application in colored and turbid solutions, reduced implementation
time, fast response and long life span(30-39).
To the best of our knowledge, there are no reports in
the literature on the use of ISE potentiometric sensors for
determination of naltrexone in pharmaceutical preparations
and biological fluids. The aim of this study is to develop and
apply a naltrexone potentiometric sensor based on poly (vinyl
chloride) (PVC) for direct determination of naltrexone in
pharmaceutical preparations and biological fluids.

MATERIALS AND METHODS
I. Materials and Reagents
Naltrexone HCl of analytical grade was provided
by Sun Pharma, Pharmaceutical Industries Ltd. Pharmaceutical formulation of naltrexone HCl (25 mg capsules,
Alhavi Pharmaceutical Co., Tehran, Iran) was purchased
from the local pharmacy. All other chemicals which were of
analytical reagent grade were provided from Merck. Doubly
distilled deionized water was used for all aqueous solution
preparations. Stock solutions of naltrexone HCl were freshly
prepared as required in 0.1 M phosphate buffer solutions
(PBS) (pH 3, 6, 7 and 8) or 0.1 M acetate buffer solutions
(ABS) (pH 4 and 5) as supporting electrolytes. Fresh frozen
plasma was prepared by Iranian Blood Research and Fractionation Holding Company (IBRFC).
Urine was collected from healthy volunteers (males,
about the age of 30).
PVC of high molecular weight was purchased from
Aldrich. Sodium tetraphenyl borate (NaTPB), dioctyl
phthalate (DOP) and tetrahydrofuran (THF) were prepared
from Merck and were used without further purification,
except THF, which was distilled before use.

II. Apparatus
Potentiometric and pH measurements of buffer solutions were made by a digital pH/mV/Ion meter Cyberscan
model 2500. Potentials were measured by direct potentiometry at 25 ± 0.1°C and the cell set-up was as follows:
Ag/AgCl, KCl (sat.)// Sample solution/ Membrane/
Graphite electrode.
III. Electrode Preparation
Graphite electrodes (d = 3.0 mm and l = 15.0 mm) with
spectroscopic purity was inserted in a PVC tube with almost
the same inner diameter and length of 15.0 cm with the aid of
epoxy glue. For electrical connection, a coated copper wire
was used in PVC tube in connection with graphite electrode.
The electrode was manually polished with 0.05 μm alumina
slurry on a polishing cloth and rinsed thoroughly with doubly
distilled water. In order to prepare the membrane of the electrode, PVC and NaTPB mixed with DOP as a solvent mediator in 3 mL of THF. The solvent was evaporated slowly until
an oily concentrated mixture was obtained. The graphite
electrode was dipped into the mixture for several times and
then removed from the membrane mixture and dried at room
temperature for about 3 h. Under these conditions, a transparent membrane of about 0.3 mm thickness was formed
on the surface of the graphite electrode. The electrode was
conditioned finally by soaking in 1.0 × 10 -3 M solution of
naltrexone for 24 h.
IV. Validation Procedure
The linear range, limit of detection (LOD), limit of
quantification (LOQ), repeatability, intermediate precision,
recovery and selectivity were evaluated in the determination of naltrexone. The linear range was evaluated by potentiometric analysis of naltrexone solutions in the range of 1 ×
10 -7 - 1 × 10 -3 M. The LOD and LOQ were calculated from
the intersection of two linear segments of the calibration
graph. Repeatability (intra-day) and intermediate (inter-day)
precision were assessed at three concentrations. To assess the
repeatability, 3 replicate measurements of each solution were
made in a short period of time. To determine intermediate
precision, the solutions were each analysed three times per
day for three consecutive days. The accuracy of procedure
was verified by performing recovery assays in triplicate.
V. Pharmaceutical Analysis
The contents of 20 capsules of naltrexone (each capsule
contains a labeled value of 25 mg) were transferred into a
100-mL volumetric flask and diluted with double distilled
water. The mixture was sonicated for 15 min to complete
dissolution and then made up to the volume. Suitable aliquots
of solutions were taken and diluted with appropriate buffer to
obtain the final concentrations. The recovery and precision
studies in assay procedure were evaluated in low, middle and
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Table 1. Membrane compositions and their potentiometric response properties in naltrexone-selective electrode
Composition (%)

Membrane No.
PVC

Slope (mV decade-1)

Dynamic Range (M)

DOP

NaTPB

M1

32

64

4

-24.98

1.0 × 10-4 – 1.0 × 10-3

M2

31.5

63

5.5

-27.91

1.0 × 10-5 – 1.0 × 10-3

M3

31

62

7

-29.36

1.0 × 10-5 – 1.0 × 10-3

high level concentrations of pharmaceutical solution. Quantitations were performed using the calibration curve method
from the related calibration equations.
VI. Analysis of naltrexone in Real Samples
Aliquot volumes of plasma and urine samples were
fortified with naltrexone. After 1 min of vortexing, the
samples were diluted to obtain final concentrations of 1 ×
10 -5 - 1 × 10 -3 M without extraction or further treatments.
Quantitations were performed using the calibration curve
method from the related calibration equations.

RESULTS AND DISCUSSION
I. Influence of Membrane Composition
Naltrexone HCl is a cationic substance which can aggregate with NaTPB to form a stable water-insoluble ion-pair
association. In this study, ion-pair association of naltrexone
was obtained in situ by conditioning the PVC membrane
electrode containing NaTPB in 0.001 M naltrexone solution
for 24 h. The selectivity and sensitivity of ISE is influenced
by the nature of plasticizer. According to previous studies,
in application of the PVC membrane electrodes for organic
lipophilic ions, using of DOP as the membrane solvent
produces better potential responses in comparison to other
plasticizers like DBP (dibutylphthalate), AP (acetophenone),
DOS (dioctyl sebacate), and O-NOPE (o-nitrophenyl octyl
ether)(30,35,40,41). Therefore, in this study, DOP was chosen
as the membrane solvent. Several membrane compositions
were investigated by varying the ratio of PVC, plasticizer,
and the ion-exchanger. The potentiometric responses of the
membranes are presented in Table 1. As observed, M3 has
the best response and was selected in this study to investigate and characterize the potential response characteristics
toward the naltrexone cation.
II. Influence of pH
In order to study the effect of pH on the electrode
response, the membrane potentials were measured for a
1 × 10 -3 M naltrexone solution over a pH range of 3.0 to 8.0
and the results are shown in Table 2. As observed, the potential response of the electrode shows the same behavior over
a wide range of pH. The results showed that in the range of

Table 2. Influence of pH on the response of the naltrexone-selective
electrode
Slope (mV decade-1)

Linear Range (M)

3

-29.36

1 × 10-5 – 1 × 10-3

4

-28.20

1 × 10-5 – 1 × 10-3

5

-27.81

1 × 10-5 – 1 × 10-3

6

-24.73

1 × 10-5 – 1 × 10-3

7

-19.24

1 × 10-5 – 1 × 10-3

8

-17.20

1 × 10-5 – 1 × 10-3

pH

pH 6.0 to 8.0, the electrode response and the slope of the calibration curve (E versus - log Cnaltrexone) remained constant.
However, for lower pH values of the buffer solution, the slope
increases and reaches a maximum value at pH 3.0. Therefore, phosphate buffer with pH 3.0 was chosen to achieve
the best sensitivity in all measurements. The reason for this
behavior can be ascribed to the increasing of the equilibrium
concentration of the protonated (cationic) form of naltrexone
on decreasing the pH of the solution. On the other hand, in
basic solutions, hydroxide ions may react with naltrexone to
produce the neutral form of naltrexone, which could not be
extracted into the membrane.
III. Selectivity Study
The selectivity of a potentiometric sensor is one of the
most important parameters. In order to study the selectivity
of membrane ion selective electrode toward naltrexone with
respect to different interfering ions, the selectivity coeffiEB - E A
pot
cients
evaluated
to IUPAC guidelines,
log K A,B
=were
+ [1- Z according
A / Z B ]log a A
S solution method
using the separate
(SSM)(42). The selectivity
coefficients measured by separate solution method was
calculated using the following equation:
pot
log K A,B
=

EB - E A
+ [1- Z A / Z B ]log a A 
S

(1)

where aA is the activity of naltrexone, ZA and ZB are
the charges of naltrexone and interfering ion, S is the slope
of the calibration graph (mV/-log Cnaltrexone), and EA and EB
are the potential values observed for the same concentration of naltrexone and interfering ion (1 × 10 -3 M, pH 3.0),
respectively.
The resulting selectivity coefficients are summarized
in Table 3. As observed, none of the interfering drugs
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significantly influence the potentiometric response of the
proposed PVC-membrane sensor toward the naltrexone ion.

(A)
60

A

IV. Calibration Curve, Response Time and Life Time

E = -29.36 pCnaltrexone + 124.9

(R2 = 0.998)

(2)

The response time is an important factor for ion-selective electrodes. The response time was recorded at different
concentrations of naltrexone in the sample solution. The
potentiometric response of sensors was recorded by changing
the solution from lower (1.0 × 10 -5 M naltrexone) to higher
(1 × 10 -3 M naltrexone) concentrations (Figure 3). The
response time for the electrode to reach the final equilibrium
value was different in different concentrations. The response
time of the sensors was found to be less than 7 s at various
concentrations of the test solution.
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The potentiometric responses of the prepared ion
selective electrode were studied for naltrexone in the
concentration range of 1.0 × 10 -7 to 1.0 × 10 -3 M, pH 3.0 at
25.0°C (Figure 2A). The calibration curve, as illustrated
in Figure 2B, was achieved in the concentration range of
1.0 × 10 -5 to 1.0 × 10 -3 M with a sub-Nernstian slope of
-29.36 ± 0.40 mV per decade. The limit of detection determined from the intersection of two linear segments of the
calibration graph was 5 × 10 -6 M. This relationship can be
described with the following linear regression equation in the
mentioned concentration range:
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Table 3. Values of selectivity coefficients of naltrexone-selective
electrode
Interfering Ion

Log K

Na+

-1.75

K+

-2.00

4,0

4,5

5,0

5,5

Figure 2. (A) Response behavior of naltrexone-selective electrode
in different concentrations, (B) Calibration curve for the naltrexone
-selective electrode.

-3.23

Fe2+

-3.20

3+

-3.56

Pb2+

-3.09

Co2+

-3.45

30

Morphine sulfate

-1.26

20

Naloxone HCl

-1.40
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-1.86

Tramadol HCl

-2.17

0

Dextromethorphan HBr
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-10

Cetirizine diHCl
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-20

Thioridazine HCl

-8.88

Propranolol HCl

-3.35

Lidocaine HCl

-1.67

Diltiazem HCl

-3.85

Diphenhydramine HCl
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Figure 3. Response time of the electrode: (A) 1.0 × 10 -5, (B) 5.0 × 10 -5
(C) 1.0 × 10 -4 (D) 5.0 × 10 -4, and (E) 1.0 × 10 -3 M of naltrexone.
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The lifetime of ion-selective electrodes mainly depends
on the type of ionophores and plasticizers used and the
number of times it is used(43). The lifetime of the sensor was
worked out by performing calibrations periodically with
standard solutions and calculating the slopes over the concentration ranges of 1.0 × 10 -5 to 1.0 × 10 -3 M of naltrexone. The
experimental results showed that the lifetime of the present
sensor was about 40 days. During this time, the detection
limit and the slope of the electrode remained almost constant.
Subsequently, the electrochemical behavior of the sensor
gradually deteriorated, which may be due to aging of the
polymer (PVC) and the plasticizers. Therefore, the sensor
can be used for at least 40 days, without considerable change
in its response towards naltrexone.
V. Analytical Validation
The analytical method was validated according to
the International Conference for Harmonization (ICH)
guidelines(44), under the optimized experimental conditions. Repeatability (intra-day) was tested with three EMF
responses for each of the three sample solutions containing
low, middle and high concentrations in linear ranges, and
intermediate precision (inter-day) of the method was evaluated by considering low, middle, and high concentrations in
linear range in three days. The CV (RSD%) values shown
in Table 4 were satisfactory. The accuracy of the proposed
method was studied by recovery experiments in low, middle
and high concentrations in linear range (n = 9). The results
showed good recoveries between 97.51% and 107.45% with

%RSD values ranging from 2.34 - 9.83% across the concentration ranges studied.
VI. Pharmaceutical Analysis
The application of proposed method was evaluated for
the determination of naltrexone HCl Capsules (Alhavi). For
the analysis of a sample in capsule form with a labeled value
of 25.00 mg, an amount of 24.24 mg was found, which represents a good recovery of 96.97% with RSD of 5.09% (n = 5).
Recovery and precision studies were evaluated in lower,
middle and higher level concentrations of pharmaceutical
solutions using standard addition method. For the added
concentration of NAL in the range of 0.066 - 0.198 mM,
recovery results between 97.92 ± 5.60% - 101.77 ± 6.27%
were obtained (n = 5).
The naltrexone ion selective electrode using membrane
was proven to be useful for the assay of naltrexone content
of pharmaceutical preparations, using the direct reading of
potential in turbid solutions without filtering or extraction.
VII. Analysis of Naltrexone in Real Samples
To assess the applicability of the proposed sensor to real
samples, an attempt was made to determine naltrexone in
urine and human plasma. Each sample was analyzed by standard addition, using the sensor without further pretreatment
and extraction steps. Recovery and precision studies were
evaluated in low, middle and high levels of concentration
range. The results are given in Table 5, which show that the

Table 4. Precision (intra and inter day) in standard solutions of naltrexone HCl
Concentration (M)

Intra day (n = 3)

Inter day (n = 3)

Mean response ± SD

CV(%)

Mean response ± SD

CV(%)

-5

-21.1 ± 1.1

5.53

-21.7 ± 1.2

5.50

1 × 10-4

7.1 ± 0.2

2.92

7.2 ± 0.2

3.96

-3

38.2 ± 0.9

2.35

37.7 ± 1.1

2.93

Concentration (M)

% Recovery (Cexp/Cteo) × 100

CV(%)

1 × 10-5

104.64

9.64

-4

1 × 10

103.41

1.37

1 × 10-3

100.79

1.29

1 × 10
1 × 10

Table 5. Accuracy and precision in spiked human plasma and urine (n = 5)
Sample
Plasma

Mean ± SD (102.95 ± 1.97)
Urine
1 × 10-5

105.87

2.99

1 × 10-4

106.59

2.79

-3

104.44

1.34

1 × 10

Mean ± SD (105.63 ± 1.10)
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amount of naltrexone recovered is good, thereby reflecting
the usefulness of the proposed sensor. As can be seen in Table
5, the results are in the acceptable level according to US FDA
Guidance for Industry; Bioanalytical Method Validation.
The major advantage of the proposed sensor as applied to
plasma and urine is that no prior extraction step is required.

CONCLUSIONS
The ion selective electrode based on plasticized PVC
membrane containing NaTPB for naltrexone was prepared
on the surface of graphite electrode and was revealed to
have a sub-Nernstian response over a concentration range of
1 × 10 -5 - 1 × 10 -3 M with LOD of 5 × 10 -6 M and accuracy of
102.34 ± 4.86%. The proposed potentiometric sensor offers
other advantages of fast response, reasonable selectivity, low
cost and elimination of pretreatments or separation steps
before pharmaceutical and real samples analysis, which result
in the successful and direct determination of naltrexone in
pharmaceutical preparations and biological fluids.

ACKNOWLEDGMENTS
The authors gratefully acknowledge the support of this
work by the Research Council and the Center of Excellence
for Nanostructures of the Sharif University of Technology,
Tehran, Iran. The support from Tehran University of Medical
Sciences Research Affairs is also gratefully acknowledged.

REFERENCES
1. Verebely, K., Volavka, J., Mule, S. J. and Resnick R. B.
1976. Disposition, metabolism, and effects after acute
and chronic dosing. Clin. Pharmacol. Ther. 20: 315-328.
2. Shader, R. 2003. Antagonists, inverse agonists, and
protagonists. J. Clin. Psychopharmaco. 23: 321-322.
3. Wall, M. E., Brine, D. R. and Perez-Reyes M. 1981.
Metabolism and disposition of naltrexone in man after
oral and intravenous administration. Drug Metab.
Dispos. 9: 369-375.
4. Reuning, R. H., Ashcraft, S. B. and Morrison B. E. 1981.
An electron-capture gas chromatographic assay for
naltrexone in biological fluids. NIDA Res. Monogr. 28:
25-35.
5. Verebey, K., Depace, D., Jukofsky, D., Volavka, J.
and Mule, S. J. 1980. Quantitative determination of
2-hydroxy-3-methoxy-6-β-naltrexol (HMN), naltrexone
and-β-naltrexol in human plasma, red blood cells, saliva
and urine by gas liquid chromatography. J. Anal. Toxicol.
4: 33-37.
6. Burce, G. L., Bhat, H. B. and Sokoloski, T. 1977. Quantitative determination of naltrexone and naltrexone
prodrugs by electron-capture gas-liquid chromatography. J. Chromatogr. 137: 323-332.

7. Reuning, R. H., Batra, V. K., Ludden, T. M., Jao, M.
Y., Morrison, B. E., McCarthy, D, A., Harrigan, S. E.,
Ashcraft, S. B., Sams, R. A., Bathala, M. S., Staubus,
A. E. and Malspeis, L. 1979. Plasma naltrexone kinetics
after intravenous bolus administration in dogs and
monkeys. J. Pharm. Sci. 68: 411-416.
8. Sams, R. A. and Malspeis, L. 1976. Determination of
naloxone and naltrexone as perfluoroalkyl ester derivatives by electron-capture gas-liquid chromatography. J.
Chromatogr. 125: 409-420.
9. Verebey, K., Kogan, M. J., Depace, D. and Mulle, S.
J. 1976. Quantitative determination of naltrexone and
betanaltrexol in human plasma using electron capture
detection. J. Chromatogr. 118: 331-335.
10. Nelson, C. C., Fraser, M. D., Wilfahrt, J. K. and Foltz,
R. L. 1993. Gas chromatography/tandem mass spectrometry measurement of delta 9-tetrahydrocannabinol,
naltrexone, and their active metabolites in plasma.
Therap. Drug Monit. 15: 557-562.
11. Huang, W., Moody, D. E., Foltz, R. L. and Walsh, S. L.
1997. Determination of naltrexone and 6-β-naltrexol in
plasma by solid-phase extraction and gas chromatography-negative ion chemical ionization-mass-spectrometry. J. Anal. Toxicol. 21: 252-257.
12. Monti, K. M., Foltz, R. L. and Chinn, D. M. 1991. Analysis of Naltrexone and 6-beta-Naltrexol in Plasma and
Urine by Gas Chromatography/Negative Ion Chemical
Ionization Mass Spectrometry. J. Anal. Toxicol. 15:
136-140.
13. Chan, C. F., Chiswell, G. M., Bencini, R., Hackett, L.
P., Dusci, L. J. and Ilett, K. F. 2001. Quantification of
naltrexone and 6-beta-naltrexol in plasma and milk
using gas chromatography-mass spectrometry. Application to studies in the lactating sheep. J. Chromatogr. B
761: 85-92.
14. Toennes, S. W., Kauert, G. F., Grusser, S. M., Jakel, W.
and Partecke, G. 2004. Determination of naltrexone and
6-β-naltrexol in human plasma following implantation
of naltrexone pellets using gas chromatography-mass
spectrometry. J. Pharm. Biomed. Anal. 35: 169-176.
15. Davidson, A. F., Emm, T. A. and Pieniaszek, J. 1996.
Determination of naltrexone and its major metabolite,
6-β-naltrexol, in human plasma using liquid chromatography with electrochemical detection. J. Pharm. Biomed.
Anal. 14: 1717-1725.
16. Derendorf, H., El-Din, A., El-Koussi, A. and Garrett, E.
R. 1984. Electrochemical chromatographic determinations of morphine antagonists in biological fluids, with
applications. J. Pharm. Sci. 73: 621-624.
17. Kambia, K., Bah, S., Dine, T., Azar, R., Odou, P.,
Gressier, B., Luyckx, M., Brunet C., Ballester, L., Cazin,
M. and Cazin, J. C. 2000. High-performance liquid chromatographic determination of naltrexone in plasma of
hemodialysis patients. Biomed. Chromatogr. 14: 151-155.
18. Kim, C., Cheng, R. and Corrigall, W. A. 1988. Measurement of naltrexone in rat brain regions and serum by
high performance liquid chromatography with electro-

451
Journal of Food and Drug Analysis, Vol. 19, No. 4, 2011

chemical detection. Chromatogr. 25: 91-94.
19. O'Connor, E. F., Cheng, S. W. and North, W. G. 1989.
Simultaneous extraction and chromatographic analysis
of morphine, dilaudid, naltrexone and naloxone in
biological fluids by high-performance liquid chromatography with electrochemical detection. J. Chromatogr. B
491: 240-247.
20. Peh, K. K., Billa, N. and Yuen, K. H. 1997. Simple
liquid chromatographic method for the determination of
naltrexone in human plasma using amperometric detection. J. Chromatogr. B 701: 140-145.
21. Valiveti, S., Nalluri, B. N., Hammell, D. C., Paudel, K. S.
and Stinchcomb, A. L. 2004. Development and validation
of a liquid chromatography-mass spectrometry method
for the quantitation of naltrexone and 6-β-naltrexol in
guinea pig plasma. J. Chromatogr. B 810: 259-267.
22. Iyer, S. S,. Kellogg, G. E. and Karnes, H. T. 2007. A
LC-electrospray tandem MS method for the analysis
of naltrexone in canine plasma employing a molecular
model to demonstrate the absence of internal standard
deuterium isotope effects. J. Chromatogr. Sci. 45:
694-700.
23. Slawson, M. H., Chen, M., Moody, D. E., Comer, S.D.,
Nuwayser, E. S., Fang, W. B. and Foltz , R. L. 2007.
Quantitative analysis of naltrexone and 6-β-naltrexol in
human, rat, and rabbit plasma by liquid chromatographyelectrospray ionization tandem mass spectrometry with
application to the pharmacokinetics of Depotrex in
rabbits. J. Anal .Toxicol. 31: 453-461.
24. Campiglio, A. 1998. Chemiluminescence determination
of naltrexone based on potassium permanganate oxidation. Analyst 123: 1053-1056.
25. Fernandez-Abedul, M. T. and Costa-Garcia, A. 1997.
Flow injection analysis with amperometric detection of
naltrexone in pharmaceuticals. J. Pharm. Biomed. Anal.
16: 15-19.
26. Murillo, P., Bermejo, L. F. and Garrido Lara, J. L. 2003.
Spectrofluorimetric determination of naltrexone by a
kinetic method using the stopped-flow technique. Anal.
Chim. Acta 495: 249-259.
27. Fernandez-Abedul, M. T., Zquez, R., Barreira, R. and
Costa-Garcia, A. 1997. Voltammetric determination of
naltrexone in pharmaceuticals. Anal. Lett. 30: 1491-1502.
28. Ghorbani-Bidkorbeh, F., Shahrokhian, S., Mohammadi,
A. and Dinarvand, R. 2010. Electrochemical determination of naltrexone on the surface of glassy carbon electrode modified with Nafion-doped carbon nanoparticles:
Application to determinations in pharmaceutical and
clinical preparations. J. Electroanal. Chem. 638: 212-217.
29. Norouzi, P., Ganjali, M. R., Zare, M. and Mohammadi,
A. 2007. Nano-level detection of naltrexone hydrochloride in its pharmaceutical preparation at Au microelectrode in f lowing solutions by fast Fourier transforms
continuous cyclic voltammetry as a novel detector. J.
Pharm. Sci. 96: 2009-2017.
30. Allafchian, A. R., Ensafi, A. A and Saraji, M. 2009.
Rapid Determination of Pentazocine in Human Plasma

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.
44.

and Urine by a Potentiometric Method. Anal. Lett. 42:
571-583.
Sales, M. G., Tomás, J. F. and Lavandeira, S. R., 2006.
Flow injection potentiometric determination of chlorpromazine. J. Pharm. Biomed. Anal. 41: 1280-1286.
Kulapina, E. G., Baraguzina, V. V. and Kulapina,
O. I. 2005. Rapid potentiometric determination of
aminoglycoside antibiotics in drug dosage forms and
biological fluids using ion-selective electrodes. J. Anal.
Chem. 60: 523-527.
Woyniec, E., Wysocka, M., Pruszyski, M. and Kojo,
A. 2007. Batch and f low-injection determination of
catecholamines using ion selective electrodes. Instrum.
Sci. Technol. 35: 241-253.
Stefan, R. I., Baiulescu, G. E. and Aboul-enien,
H. Y. 1997. Ion-selective membrane electrodes in
pharmaceutical analysis. Crit. Rev. Anal. Chem. 27:
307-321.
Kharitonov, S. V. 2006. Electrochemical response
characteristics and analytical application of papaverine
ion-selective membrane electrodes. Anal. Lett. 39:
259-273.
Shamsipur, M., Jalali, F. and Haghgoo, S. 2005. Preparation of an atenolol ion-selective electrode and its
application to pharmaceutical analysis. Anal. Lett. 38:
401-410.
Javanbakht, M., Mohammadi, A., Ganjali, M. R.,
Norouzi, P., Faridbodd, F. and Pirelahid, H. 2007. PVCBased on Thiopyrilium derivatives membrane electrodes
for determination of histamine. J. Chinese Chem. Soc.
54: 1495-1504.
Javanbakht, M., Fard, S. E., Mohammadi, A., Abdous,
M., Ganjali, M. R., Norouzi, P. and Safaraliee, L. 2008.
Molecularly imprinted polymer based potentiometric
sensor for the determination of hydroxyzine in tablets
and biological fluids. Anal. Chim. Acta 612: 65-74.
Javanbakht, M., Fard, S. E., Abdouss, M., Mohammadi,
A., Ganjali, M. R., Norouzi, P. and Safaraliee, L. 2008.
A biomimetic potentiometric sensor using molecularly
imprinted polymer for the cetirizine assay in tablets and
biological fluids. Electroanalysis 20: 2023-2030.
Wassil, A. A., Farag, Ael-F. and Moukdad, F. A.
2007. Polymer membrane electrodes for sensitive
potentiometric determination of â-blockers. Drug Dev.
Ind. Pharm. 33: 57-62.
El-Naby, E. H. 2008. Polymeric membrane sensors for
the selective determination of dextromethorphan in
pharmaceutical preparations. Anal. Sci. 24: 1409-1414.
Buck, R. P and Lindner, E. 1994. IUPAC analytical
chemistry division: Recommendation for nomenclature of ion selective electrode. Pure Appl. Chem. 66:
2527-2536.
Oesch, U. and Simon, W. 1980. Life time of neutral
carrier based ion selective liquid-membrane electrodes.
Anal. Chem. 52: 692-700.
Text on Validation of Analytical Procedures 1994. ICH
Harmonized Tripartite Guideline, Geneva.

